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The formalism describing the scattering of two spin-^ objects is reviewed 
for the case of pp — > AA. It is shown that an experiment utilizing a transverse 
target polarization can, in principle, completely determine the spin structure 
of the reaction. Additional measurements, even those using both beam and 
target polarizations, would not be sensitive to any additional spin dynamics. 
CN| ■ Thus, the transverse target polarization allows access to the complete set of 

bJQ' spin observables, not just the subset upon which the literature has previously 

focused. This discussion is especially relevant in light of the data collected by 
PS185/3 at LEAR. 
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Exclusive production of antihyperon-hyperon states from antiproton-proton annihila- 
tion (pp — > YY) has been extensively studied near threshold by the PS 185 collaboration 
throughout the 13 year lifetime of LEAR at CERN [0,0. Results for the total and dif- 
ferential cross-sections and those spin observables depending only on final state spins have 
been published for a range of energies and channels. In 1996, an upgraded version of the 
experiment, PS185/3, incorporated a transverse target polarization to allow sensitivity to a 
wider range of spin observables in the reaction pp — > AA ||. 

There is significant interest in the results of this measurement. Two types of models 
with different physical motivations have been successfully used to describe the reaction in 
this energy regime: K and K* meson exchange [f|,|5| and effective quark models @,0[. While 
careful applications of each of these approaches have been able to describe the existing data 
with reasonable accuracy, differing predictions are obtained for those observables which 
depend on initial state spin [§]||. There has also been growing interest in the relevance 
of the spin structure of pp — > AA to the question of the strangeness component of the 
nucleon ||||. 

The formalism for scattering two spin-| particles to two spin-| particles has been well 
developed in both the general case and in application to the pp — * YY reaction fT0HT3 



The implications of this application of the formalism must be carefully explored for the 
larger set of observables available to PS185/3 The recent literature discussing the 



strangeness production dynamics has focused on the depolarization D nn , and, to a lesser 
extent, other rank-2 spin observables to which PS185/3 is directly sensitive p|,3J6|j8|JT^[ . As 
will be shown below, the use of a transverse target polarization, in principle, allows the 
complete determination of the spin structure of the reaction. This then permits model 
independent predictions of the full set of spin observables, including those that were not 
directly measured. This is the first demonstration of the feasibility of such an analysis for 
pp — ► AA, although this possibility had been hinted at by previous publications [|13[ . 

In discussing spin-- particle scattering it is common to parameterize the spin structure 
of the transition matrix M. explicitly. For pp —>■ AA, the transition matrix M. can be written 
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in the center of mass frame as a function of 6 complex amplitudes {a, b, c, d, e,g} |4. 
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pp— >AA 



(a + b) + (a — 6)c?i • n a 2 • n + (c + d)oi • m o 2 ■ m 
+ (c - d)ai • I02 • 1 + e(<5i • n + B 2 • n) 
+g((Xi ■ 1 <r 2 ■ m + &\ ■ m a 2 ■ 1) 



(1) 



The unit vectors are defined so that 1 and m lie in the scattering plane, and n is the normal 
to the scattering plane. a% represents the vector of Pauli spin matrices for the antiproton 
in the initial state and the A in the final state, while a 2 represents these matrices for the 
proton and A. This expression embodies the parity and C-parity symmetries of the strong 
interaction but is otherwise entirely model independent. The spin observables are given by 



\Tr auo 2 jMo ltJi 02vM ] 



(2) 



Here each index can take any value from the set {0, 1, m, n} with cr defined as the identity 
operator. J = \Tr M.M^ represents the differential cross-section averaged over the spin of 
the particles. Measurements of the spin observables with non-zero first and second indices 
would require a measurement of the final state spins, while measurements of the observ- 
ables with non-zero third or fourth indices would require the measurement of the angular 
distribution relative to a polarization of the beam or target, respectively. 

The self analyzing weak decay of the hyperons allows access to the A^oo terms from 
measurements of the angular distribution of the decay products of the hyperon and anti- 
hyperon. The use of a transversely polarized target introduces a dependence on the angle 
of the scattering plane relative to the target polarization. This allows measurement of all 
observables Xijo v with the index v restricted by the direction of target polarization. In this 
case, a convenient choice of axes is 
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|Pi« x Pi/I 



Pii 



m = n x 1 



(3) 



where pii is the direction of the incident anti-proton and pif is the direction of the produced 
ant i- lamb da. 

With this choice, the index v is restricted to {0,m,n} for a transverse target polariza- 
tion. Of those 48 available observables X%ja v , 24 are trivially zero by parity considerations. 
Explicitly, we have: 
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(4) 



!{|a| 2 +|&| 2 + |c| 2 +M 2 +|e| 2 +M 2 } 
±{|a| 2 - \b\ 2 - |c| 2 + \d\ 2 + |e| 2 + \g\ 2 } = I C yy 
\{\a\ 2 + \b\ 2 - |c| 2 - H 2 + |e| 2 - \g\ 2 } = I D yy 

|{| a |2 _ | 6 |2 + | C |2 _ | d |2 + | e |2 _ |^|2 } = I(jKyy 

Re(a*e) - Im{d*g) = I P y 

Re(a*e) + Im(d*g) = I A y 

Re(a*g) + Im(d*e) = -I C XZ 

Re(d*e) + Im(a*g) = -I C xx0y 

Re(a*d + b*c) + Im(e*g) = -I C XX 

Re(-a*d + b*c) - Im(e*g) = -I C ZZ 

Re(e*g) + Im(-a*d + b*c) = -IoC zx0y 

Re(e*g) + Im(—a*d — b*c) = —IoC xz o y 

Re(a*b + c*d) = I D XX 

Im(-a*b + c*d) = I C yz0x 

Re(a*c + b*d) = -I K XX 

Im(-a*c + b*d) = -I C zy0x 

Re{b*e) - Im(c*g) = I C yx0x 

Re(c*g) + Im(b*e) = I D ZX 

Re{b*g) + Im(c*e) = -I K ZX 

Re(c*e) - Im(b*g) = -I C xy0x 

^ijOm = 0. Here we have replaced X by the conventional notation 
P for polarization, C for spin correlations, D for depolarization, and K for polarization 
transfer. We have included relations to the observables written with the usual conventions of 
dropping unnecessary subscripts and utilizing separate coordinate axes for the antiparticle 
and the particle, with {x, y,z} corresponding to {m, n, 1} for the p and A, and {x, y,z} 
corresponding to {— m, n, —1} for the p and A. 

Each of these 24 non-zero observables could be independently extracted from the angular 
distribution of the decay baryons. In such an approach, the correction for the experimental 
acceptance may be problematic, since the necessary correction may depend on other spin 
observables. This approach also ignores the many non-trivial relationships between the 
observables [I|],n|, implicit in Eqs. (^), which are a direct result of the parity and C-parity 
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symmetries of the reaction. Independent extraction of individual observables, or any other 
procedure that does not embody these relationships, does not make optimal use of these 
symmetries to minimize the uncertainty in the extracted parameters, enforce consistency 
between the results, or reflect the correlation of their errors. 

One way to make full use of the known symmetries would be to directly fit the parameters 
of the transition matrix (Eqn. [I]). However, it is not immediately obvious that this limited 
set of observables is sensitive to the entire parameter space. This concern is equivalent 
to the question of whether expressions for the parameters {a..g} can be found in terms 
of the accessible observables Xij 0u . Eqs. (|j) relate 24 non-trivial observables to 11 real 
parameters, with an arbitrary phase. The existence of a consistent solution for ideal values 
of the observables (i.e. neglecting experimental error) is guaranteed by construction. It then 
remains be to determined whether there is a unique solution or whether there exist multiple 
solutions or even some hyper-surface in parameter space which would uniformly satisfy Eqs. 
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A unique solution can be demonstrated to exist over most of the parameter spaceQ. Note 
that the demonstration need not be the optimal algorithm for extraction of the parameters 
with minimal experimental error. The existence of any solution implies that the parameters 
are uniquely determined by this set of observables. This is equivalent to the statement 
that this limited set of observables completely determines the spin structure of the reaction. 
The phase of either b or c can be arbitrarily chosen, then both parameters are uniquely 
determined from the relationships: 

?ranOO — KnOOn + -^OnOn) (5) 
?nn00 + KnOOn ~ D 0n0n ) (6) 
(On — CmlOn) (7) 
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Then a and d are uniquely determined from the complex equations: 

a*b + d*c = Jo A)mOm — HoC n io m (8) 
a*c + d*b = I K m oOm — HoClnOm (9) 

which are effectively four linear equations in four unknowns. Similarly, e and g are deter- 
mined by: 

e*b - ig*c = I C nm0m - iI D io m (10) 

e*c - ig*b = I C mn0 m ~ ^o^oom (11) 

The 24 observables over-determine the parameter space, so this solution is not expressed 
uniquely. The existence of a solution implies that a global fit of the angular distribution could 
in principle be done to uniquely determine the transition matrix parameters. This implies a 
complete knowledge of the spin structure of the reaction, allowing entirely model independent 
prediction of all spin observables Xij^u, even those whose direct observation would require 
a longitudinal target polarization or the addition of initial antiproton polarization. In such 
an approach, separate fits would be required for each interval in the production angle 9 and 
for each energy point studied. 



An un-binned maximum likelihood fit |Tb]] could be applied in order to extract the pa- 



rameters from the event angular distribution. This method makes efficient use of statistics 
and provides a natural way of including the detector acceptance through a realistic Monte 
Carlo simulation. Early studies have indicated that such a fit can be successfully performed 
given data sets which are reasonably achievable. 

This paper demonstrates that an experiment utilizing a transverse target polarization 
and measuring the angular distribution and final state polarizations and correlations of 



For a discussion of the limitations on the range of applicability of this demonstration, see the 
appendix. 
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pp — » AA can, in principle, completely determine the spin structure of the reaction. This 
is more information than was previously thought to be available. The PS185/3 collabora- 
tion has performed such a measurement for the explicit purpose of extracting D 0n0n . One 
of the authors (kdp) is currently active in the analysis of this data and will investigate the 
possibility of extending the extracted results to include the full spin transition matrix param- 
eterization as outlined here. While preliminary indications are encouraging, it remains to 
be seen whether the available statistics are sufficient to yield statistically significant results 
for this extension beyond the original goals of the experiment. 
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APPENDIX: 



The demonstration shown in Eqs. (p|~pTT|) of the existence of a unique solution for Eqs. 
(|) is not applicable for the special case of b = c. With this condition, Eqs. (§,0) and (]T0| , |TT|) 
reduce to only 1 complex equation each, which is not sufficient to solve for {a, e,d, g}. 
However, even in the case of b = c precisely^, a unique solution can still be found. Explicitly 
taking b = c, with b chosen to be positive real and known from Eqn. (El), {a,g} can be 
determined from the set of 8 linear equations with 8 unknowns: 



Re(e) — Im(g 
Im(e) + Re(g 
Re(d) + Re(a 
Im(d) + Im(a 
F 1 Re(g) + F 2 Im(g) - F 4 Re(a) + F 3 Im(a 
-F 4 Re(g) + F 3 Im(g) - Fiite(a) - F 2 Im(a 
-F 4 Re(g) + F 3 Im(g) + Fiite(a) + F 2 Im(a 
-F 2 Re(g) + FJmlg) + F 3 Re(a) + FJm{a 



F x 
F 2 
F 3 
F A 

C m lOn 

n 

^mmOn 
^OOOn 

2 {F>0n0n + -f^nOOn — Ff 

-Ft + Ft + Ft ) 



— F X F 3 — F 2 F i 



(Al) 
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This implies sensitivity to the full set of the scattering matrix parameters, even in the 
case that b and c are equivalent. This solution is limited only by the requirement that 



2 This is the condition for the singlet fraction, Sp = 1 — C mm oo — C nn oo — Cuqq = \b — c| 2 , to be 
zero [14|. Previous measurements of pp — > A A indicate that Sf is very small or zero for 9 < 90deg 
and incident p momentum in the lab frame of less than 1800 MeV/c M. 
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b ^ 0. In the very special case of b = c = 0, most of the observables in Eqs. (f|) would be 
constrained to be zero and it would not be possible to uniquely determine the full set of 
parameters using only a polarized target. In fact, with b = c = 0, an experiment involving 
polarizations of both particles in the initial state would be necessary in order to be sensitive 
to the entire parameter space. 

An indication of this condition can be found by measuring C nn oo- The relation 

l-C nnO0 = \b\ 2 + \c\ 2 (A3) 

shows that as C nn oo — > 1, both b and c must approach zero fll4 |. If C nn oo 7^ 1> then one or 



both of b or c must be non-zero. Thus a preliminary study of this observable can be used 
to warn of potential difficulties in performing a global fit to the full parameter set. 

It should be noted that C„ n oo has been previously measured for pp — > AA near threshold 
and that it tends toward the value +1 for only a narrow range of production angle 9 [[|. 
This indicates that, with the possible exception of that narrow angular range, determination 
of the transition matrix parameters should, in principle, be possible with data of the type 
collected by PS185/3. 
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